The idea that anucleate platelets display autonomous migration has long been viewed with skepticism. Gaertner et al. provide in vivo evidence that platelets undergo active migration at sites of thrombus formation and in inflamed liver sinusoids. Integrin-dependent migration allows platelets to scavenge and bundle fibrin-bound material, including intravascular bacteria.
Anucleate platelets are only found in mammals, where they patrol the blood vasculature for endothelial damages and the presence of intravascular pathogens. Besides their central roles in the control of bleeding after vascular injury (hemostasis) and the pathophysiological formation of blood clots (thrombosis), platelets have also emerged as key regulators of intravascular immune surveillance and inflammation (Semple et al., 2011) . Once recruited from the blood stream to sites of endothelial injury and inflammation, platelets were previously considered stationary cells, which tightly adhere and aggregate at the vessel wall but do not actively migrate. Although crawling platelets had been observed in vitro, researchers in the field were skeptical because the direct in vivo proof of active platelet migration was missing. In this issue of Cell, Gaertner et al. (Gaertner, 2017) now lay these doubts to rest and show for the first time convincingly that single platelets perform autonomous migration under physiological conditions. By using two-photon intravital microscopy and elegant mouse models that allowed tracing of individual platelets in the periphery of thrombi, the authors observed platelets that displayed active motility, which was independent of the blood flow and clot retraction. Moreover, they demonstrate that platelet migration was required (1) to clear the microenvironment from fibrin depositions and (2) to collect and bundle bacteria as packages during an intravascular infection. These important findings add to the idea that platelets may have retained more common features with primordial immune cells of invertebrates than previously thought. The Atlantic horseshoe crab, Limulus polyphemus, has one type of motile ''all-purpose'' immune cell, termed amebocyte, which has dual functions in innate immune defense and hemostasis (Levin, 1997) . From the novel data of Gaertner et al., it is tempting to speculate that mammalian platelets have retained two basic abilities of Limulus cells: migration and removal of pathogens-despite approximately 400 million years of evolution (Levin, 1997) (Figure 1 ).
Released from polyploid megakaryocytes in the bone marrow, platelets are cell fragments without a nucleus (Semple et al., 2011) . The small size and absence of a nucleus contributed to the prevailing doubts of whether they are competent enough to undergo migration. In hindsight, this skeptical view is surprising as several findings already pointed toward autonomous platelet motility. It has long been known that platelets contain all essential components of the actin-myosin II machinery, which drives the movement of most cell types. In addition, previous work with enucleated cell fragments from epidermal fish keratocytes already proposed that a front-back asymmetry of actin and myosin II drives self-polarization and directional motility (Verkhovsky et al., 1999) . However, reports on migrating platelets remained rare (Kraemer et al., 2010) . Now, Gaertner et al. provide an impressively comprehensive study and in-depth analysis of the underlying mechanisms of platelet migration. The authors set up cell culture models where human and mouse platelets spread, self-polarized, and migrated with a prominent actin-rich leading edge (lamellipodium) reminiscent of motile fish keratocytes. This migration was independent of shear flow and followed an adhesion-driven (haptokinetic) mode (Lä mmermann and Germain, 2014), defined by (1) actinmediated protrusion at the leading edge, (2) adhesion to the plasma protein substrate via the integrin receptor aIIBb3 (which can be activated by plateletreleased ADP and thromboxane), and (3) calcium-dependent myosin IIa activation for retracting the trailing edge.
Intriguingly, migrating platelets generated such high contractile and adhesive forces that they did not detach from fibrinogen or insoluble fibrin fibers but mechanically removed them from coated surfaces. Platelets then transported the scavenged material into the open canalicular system (OCS), a continuous invagination of the outer plasma membrane. These novel findings now highlight migrating platelets as mechano-sensors that constantly probe their local environment by applying pulling forces. Consequently, objects or structures that cannot resist these forces will be scavenged by platelets. This aspect of platelet mechano-scavenging becomes particularly interesting for the trapping of bacteria. In elegant cell culture experiments of Gaertner et al., migrating platelets efficiently collected Gram-positive and Gram-negative bacteria. Similar to other scavenged material, fibrin-bound bacteria were bundled as packages at the platelet surface and then transported to the OCS. Unlike professional phagocytes (neutrophils and macrophages), platelets did not ingest the bacteria but kept them trapped in the membrane channels of the OCS (White, 2005) . Bacterial bundling was significantly reduced in MYH9-deficient platelets, which showed defective migration due to the lack of myosin IIa activity.
Next, the authors evaluated whether bundling by migrating platelets has a potential role in anti-bacterial defense (Yeaman, 2014) . Previous reports had suggested that the release of platelet granule contents, but not phagocytosis, was responsible for killing methicillin-resistant Staphylococcus aureus (MRSA) (Ali et al., 2017) . Gaertner et al. could not detect any differences between control and MYH9-deficient platelets in killing MRSA. This indicated that the bactericidal activity of platelets was independent of their ability to migrate and form bundles. Instead, the authors discovered that the collection and bundling of MRSA by migrating platelets boosted the activity of professional phagocytes in microbial ingestion. In other words, migrating platelets locally concentrated bacteria to ''serve a full meal'' to neutrophils, which became activated and released neutrophil extracellular traps (NETs). In contrast, inhibition of migration and bacterial bundling in MYH9-deficient platelets diminished NET formation.
But does bacterial bundling by migrating platelets also contribute to intravascular innate immune defense? To address this question, Gaertner et al. used intravital microscopy in mice with bacterial sepsis (Escherichia coli, MRSA). In such systemic infection experiments, bacteria are filtered from the hepatic blood stream by liverresident Kupffer cells but also remain extracellular in hepatic microvessels. By careful examination of control and MYH9-deficient platelets, the authors could demonstrate that freely migrating platelets also collect and bundle extracellular bacteria in vivo. Finally, Gaertner et al. investigated how bacterial bundling by migrating platelets contributed to the detrimental disease progression after systemic infection with MRSA, which promotes neutrophil cytolysis and inflammation-induced tissue damage. Strikingly, mice carrying Myh9 deletion in the megakaryocytic lineage, including platelets, showed reduced neutrophil activation, NET formation, and liver damage. Thus, the abrogation of platelet migration and collection of bacteria was protective in the early course of lethal MRSA sepsis.
The outstanding study of Gaertner et al. provides a clear answer to the longstanding issue of platelet migration and sets the stage for exploring many exciting questions: How is platelet migration interconnected to other innate immune mechanisms, which together orchestrate the combat against blood-borne infections (Jenne and Kubes, 2013) ? How does migration contribute to the role of platelets in other immune responses, embryonic development, tumorigenesis, metastasis, atherosclerosis, and stroke? In which of these biological processes is platelet migration beneficial for the organism? with an open circulatory system. Their hemolymph contains amebocytes, which are able to migrate and phagocytose microbial particles. Amebocytes contain numerous dense granules filled with antimicrobial and clotting factors. Upon exposure to lipopolysaccharides (LPS), granules are exocytosed and promote a coagulation cascade, leading to clot formation. This restricts the loss of hemolymph and also traps bacteria. (B) Platelets are only found in mammals, where they are released into the blood stream from proplatelet extensions of bone-marrow-resident megakaryocytes. They contain numerous granules filled with prothrombotic, antimicrobial, and proinflammatory mediators, which can be released upon platelet activation by a plethora of agonists, including LPS. During blood clotting, activated platelets aggregate to form a platelet plug, which serves as a platform for coagulation. In this issue of Cell, Gaertner et al. show that platelets migrate and scavenge fibrin-bound material, including bacteria, in vitro and in vivo.
In conclusion, the starting pistol for migrating platelets has been fired to include them in our concepts of platelet biology and physiology.
